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TO' -SIR JOSEPH BANKS, BART^ V. R. S. 
BEAE SIR-^ 

AT the perfuafioii of my friends^ I beg you would lay 
before the Royal Society my late obfervations on PMo-- 
gifton^ and alfo on the feeming Converjion of water into air^ 
though I have by no means done all that I have in view with 
refped to thefe fubje^ls. The prlncipal^^/i are, I think^ fuf- 
ficiently afcertainedj though 1 do not prefume to give any opi-^ 
nioE with refpeift to the theory of them. 

I am J with the greateft re^^ed^ &c. 

Skminghani^ April.. 2 1.^ ■J.^Sj-^ 
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Experiments relating to Phlogifion, 

THERE are few fubjefts, perhaps none, that have occa- 
fioiied more perplexity to chernifts than that of phlogijlon^ or^ 
as it is fometimes called, the principle of infiammability\ It 
was the great difcovery of stahl^ that this principle, what- 
ever it be^ is transferrabie from one fubftance to another, how 
different foever in their other properties, fuch as fulphnr^ wood, 
and ail the metals, and therefore is the fame thing in them all. 
But what has given an air of myilery to this fubjeftj has been 
that it was imagined, that this principle, or fubftance, could 
not be exhibited except in combination with other fubftances, 
and could not be made to affume feparately either a fluid or 
folid form. It was alfo aflerted by fome, that phlogifton was 
fo far from adding to the weight of bodies, that the addition of 
it made them really lighter than they were before ; on which 
account they chofe to call it tke principle of iewty. This opi- 
nion had great patrons. 

Of late it has been the opinion of many celebrated chemifts, 
Mr. LAVOISIER among others, that the whole doftrine of phlo- 
gifton had been founded on miftake, and that in all cafes id 
which it was thought that bodies parted with the principle of 
phloglfton, they in fa£l loft nothing, but on the contrary, ac- 
quired fomething ; and in moft cafes an addition of fome kind 
of air; that a metal, for inftance, ^was not a combination 
of two things, viz. an earth and phlogifton, but was probably 
a fimple fubftance In its metallic ftate ; and that the calx is 
produced not by the lofs of phlogifton, or of any thing tUt^ 
but by the acquifitlon of air« 
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The arguments in favour of this opinion, efpecially thofe 
which arc drawn from the experiments of Mr« lavoisier 
iTiade on meixury, are {o fpeciouSj that I ovra I was rnyfelf 
much inclined to adopt it» My friend Mr. kirwan, indeed^ 
always held that phlogifton was the fame thing with inflam- 
mable air ; and he has lufficiently proved this from many expe-^ 
riments and obfervationSj my owai as well as thofe of others'^- 
I did not, however^ accede to it till I difcovered it by direi^ 
experiments, made with general and indeterminate views^ in 
order to afcertain fomething concerning a fubject which had 
given myfelf and others fo mAich trouble. 

I biegan with repeating the experiments in which I had found 
that inflammable air, made red-hot in flint glafs tubes, gave 
them a black tinge, and was in a great meaiure abforbed^ 
which I had difcovered to be owing to the calx of lead in the 
glafs attrafting phlogifton from the inflammable air. As the 
quantity of air in thefe tubes was very fmall, though I gave it 
as my opinion, that the refiduum in one of the procefles was 
phlogifticated air, beeaufe I perceived no marks of afcenfion oa 
prefenting to it the flame of a fmall candle ; I was not, on 
recolleftion^ fatlsfied with this conclufion, and was delirous of 
repeating the experiment with more care, efpecially as, in one 
of the above-mentioned experiments, I found only a very 
fmall bubble of the inflammable air in the tube in which it had 
been heated. 

I foundj however, great difficulties in repeating thefe expe- 
riments ; and the quantity of inflammable air operated upon 
in them is neceflarily fo fmall, that the refult is always liable 
to much uncertainty. I thought^ therefore, that throwing 
the focus of a burning lens upon a quantity of pounded 
flint Riafs* furrounded with inflammable air« or rather 
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on the calx of lead alone, in the fame circiimftances^ would 
be a much ealier experiment^ and might brlog me nearer to 
my objeft ; and on making the experiment it immediately an« 
fwered far beyond my expe£tation. 

For this purpofej I put upon a piece of a broken crucible 
(which could yield no air) a quantity of minium, out of which 
all air had been extrafted; and placing it upon a convenient 
ftand, introduced it into a large receiyerj filled with inflamma- 
ble air, confined by water. As foon as the minium was dry,. 
by means of the heat thrown upon it, I obfer^ed that it became 
blacks^ and then ran in the form of perfecl: lead, at the fame 
time that the air diminifhed atasrreat rate, the water afcendinp' 
within the receiver. I viewed this procefs with the mqfl eager 
and pleafing expe£lation of the refult, having at that time no 
£xed opinion on the fubje£l ; and therefore I could not tell, 
except by aftuai trial, whether the air was decompofing In the 
procefs, fo that fome other kind of air would be left, or whe- 
ther it would be abforbed in toto. The former I thought the 
more probable, as if there was any fuch thing as pblogifton^ 
inflammable air^ I imagined, confifted of it, and fomething 
clfe. However, I was then fatisfied that it would be in my 
power to determine, in a very fatisfa6:ory manner, whether the 
phlogifton in inflammable air had mxfhajt or not, and if it hadt 
what that bafe was. For feeing the metal to be actually re- 
vived, and that in a confiderable quantity, at the fame time 
that the air was diminifhed, I could not doubt but that the 
calx was actually ' imbibing fomething from the air j and from 
its efFefts in making the calx into metal, jt could be no other 
than that to which chemifts had unaniqapuflji given the name 
Qi phlogifion^ 

"G-^s a^ Before 
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Before this firft experiment was concluded, I perceivedj that 
if the phlogiflon in inflammable air had any bafe, it mufl: be 
very inconfiderable : for the procefs went on till there was 
no more room to operate without endangering the receiver; and 
examining, with much anxiety, the air that remanied, I found 
that it could not be diftinguifhed from that in which I began 
the experiment, which was air extracted from iron by oil of 
vitriol, 1 was therefore pretty well fatistied that this inflam- 
mable air could not contain any thing befides phlogifton ; for 
at tliat time I reduced about 45 ounce meafures of the air to 
five. 

In order to afcertain a faft of fo much importance with the 
greateil: care, I afterwards carefully expelled from a quantity of 
minium all the phlogiflon, and every thing elfe that could 
have aflumed the form of air^ by giving it a red heat when 
mixed with fpirit of nitre ; and immediately ufing it in the 
manner mentioned above, I reduced loi ounce meafures of 
inflammable air to two. To judge of its degree of inflamma» 
bility, I prefented the flame of a fmall candle to the mouth of 
a phial filled with it, and obferved, that it made thirteen fepa- 
rate explofions, though weak ones (flopping the mouth of the 
phial with my finger after each explofion), when frefh made 
inflammable air^ in the fame circumftances, made only four- 
teen explofions, though flronger ones. 

After this experiment I could not hefitate to conclude^ that 
this inflammable air went totally, and without decompofition^ 
into the lead which I formed at that time ; and if the neceffary 
clrcumflances of the experiment be confidered^ it will be thought 
extraordinary that, even admitting this, the refult fhould be fo 
d^ecifively clear in favour of it : for, in the firfl place, the 
greatefl care mufl be ufed to expel all air from the minium^ 
2 and 
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and it muft be ufed before it can have atttacSted any from the 
atmofphere ; and in the next place, the water alfo (a coniidera-* 
ble quantity of which xxiiift be ufed^ and which will alfo be 
heated in the procefs) ihould be made as free from air as poffi-« 
ble. In thefe circiimftanceSj had I found the foiali refiduum^ 
of % ounce meafu res from loi, to have been phlogifficated or 
fixed air, I fliould not have been dlfappointed ; and it would not 
have prevented my concluding that fhlogljton was the lame 
thing with infianmahle ah\ contained in a combined flate in 
metals, juft as fixed air is contained in chalk and other calca- 
reous fubftances ; both being equally capable of being expelled 
again in the form of air* 

Afterwards ufing a calx of lead, which had been prepared in 
the fame manner with the former, but which had remained 
fome weeks expofed to the air, I found, that when by ufing it 
I had reduced 150 ounce meafures of inflammable air to lo^ 
this refiduum was phlogifticated air. But examining this calx 
feparately, I found that it gave, by heat in a glafs veflel, a 
confiderable quantity of phlogifticated air. 

I muft obferve, that the minium ihould not be reduced to a 
perfectly compact glafs of lead ; for then it would be too re- 
fi-adory to be eafily revived by this procefs. Making ufe of 
fome of it, I found that I could only melt it; but that a co- 
pious black fume came from it, and coated the infide of the 
receiver: an experiment which I ihall repeat and re-confider* 
I muft alfo obferve, that the lead which I procured in the 
above-mentioned procefs was not to be diilinguiflied from any 
other lead, and that the inflammable air was all procured from 
iron by oil of vitrioL 

When I made ufe of inflammable air from wood, I found, 

that though I was able to reduce minium with % it was 

efFeiled 
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efFedecl with more time and difficulty. Forty ounce meafures 
of this kind of inflammable air I reduced to 25 ; when I found 
that the heat of the lens produced only giafs of lead^ and no 
metaL The air was ftiil, however, inflammable ; and there 
i4^as'""a fmall mixture of fixed air in it. This kind of inflam- 
mable air, which burns with a lambent flames I have fome rea- 
fan to think, coniifts of an intimate union of fixed air wdth 
that which is of the explo/rve kind extra£led from metals. The 
iiefult of thofe experiments which I made with that kind of 
inflammable air which is colleSed in the procefs for making 
phofpboruss and which burns with a lambent yellow flame^ 
was fimilar to thofe which I made with inflammable air from 
woodj which burns with a lambent white flame* 

Having had this remarkable refult with inflammable air^ I 
immediately tried all the other kinds of air in the fame man- 
ner ; but in none of them did I procure any thing from the 
minium befides giafs of lead^ except in alkaline air^ and vi- 
triolic acid air. In fixed air^ nitrous air^ phlogijfticated air^ 
marine acid air, fluor acid air, as alfo in common and dephlo- 
rifticated air^ I got no metal at alL In vitriolic acid air there was 
but a fmall quantity of lead produced^ and I have obferved 
that this kind of air Imparts a certain portion of phlogiflon to 
common air^ rendering it in fome meafure phlogifticated^ 
though by no means in fb great a degree as nitrous air. Though 
nitrous air and phlogifticated air certainly contain phlogifton^ 
tl'iey appear by thefe experiments to hold it too obftinately to 
part with it to minium in this procefs5 though nitrous air quits 
it fo readily to refpirable air« I would obferve^ that there were 
fome peculiar appearances in the experiments I made to revive 
the calx of lead in thefe kinds of air in which the attempt did 
I not 
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not fueceed ; but I muil: repeat the experiments, and note the 
appearances more accurately, before I report them. 

In alkaline air lead feems to be formed from the minium as 
readily as in inflammable air, and indeed T thoupht rather more 
fo ; and this is a remarkable confirmation and illuftration of 
thefe experiments, in which, by taking the cleftric fpark in a 
quantity of alkaline air, I converted it into three times as mucli 
pure inflammable air; an experiment which, on account of 
the extraordinary nature of it, I have repeated many times^ 
fmee I firft publiilied the account of it, and always with the 
feme refult. 

This experiment alfo throws fome light upon thofein whicli^- 
by fuper-phlogifticating iron with nitrous air, I produced a 
ftrong fmell of volatile alkali ^ an experiment which 1 have 
alfo frequently repeated with the fame refalt. The reviving 
of lead in alkaline air may alfo help us to conceive how all 
acids fliould have an affinity both to phlogljton and to alkalies^ 
which have hitherto appeared to be things fo very different from 
each other; flnce, from thefe experiments^ it is probable that 
one of them is fome modification of the other, or a combina- 
tion of fomething eife with the other. To trace the connec- 
tion between the alkaline and inflammable principles, is a cu- 
rious fubje£t ; and from thefe hints it may, perhaps, not be 
very difficult to profecute it to advantage^ It is evident, how- 
ever, from the following experiments, that alkaline air is the 
compound and inflammable air, or phlogifton, the more fimple 
fubftance of the two. 

From 5i ounce meafures of alkaline air I got, by means of 
litharge, 17 grains of lead, befides fome that was diffolved in 
the mercury, by which the air was confined. There remained- 
2i ounce meafuresi which appeared, to be plilogifticated air^ 

&, 11 Si 
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and to have no fixed air in it. At another timej in eight oiinc§ 
meafures of alkaline air I got 15 grains of lead, befides what 
was difiblved in the mercury^ which feemed to be a good deal 
in proportion to it« It was obfervable, that there remained in 
this procefs 3I ounce meafures of phlogifticated without any 
mixture of fixed air iu it^ though the maflicot which I ufed at 
this time gave by heat only a good deal of pretty pure fixed 
air« Thefe experiments with alkaline air well deferve to be 
refumedj and Ifliall not fail to do it at a proper opportunity. 

Having thus produced lead in inflammable airj I proceeded 
in my attempts to revive other metals from their calces by the 
fame means ; and I fucceeded very well with tin^ bifmuth^ and 
filver; tolerably well with copper^ iron ^ and regulus of co« 
bait ; but not at all wath regulus of antimony ^ regulus of ar- 
fenicj zinCj or the metal of manganefe. 

I was defirous alfo of afcertaining by this means the qtiantity 
of phlogifton that enters into the compofition of the feveral 
metals ; but in this I found more dilRculty than I had expeded ; 
and this arofe chiefly from the allowance that was to be made 
for the inflammable air which entered into that part of the 
calx which was only partially revived % and it was not ea% to 
revive the whole of any quantity of calx completely. 

After many trials^ I think I may venture to fay^ that an 
ounce of /^^^abforbs 100 ounce meafures of inflammable air^ 
or perhaps fomething more ; for in one refult it feemed to have 
imbibed in the proportion of 108 ounce meafures* 

An ounce of tin abforbs inflammable air in the proportion of 
377 ounce meafures to the ounce. An ounce of copper from 
verditer abforbed 403 ounce rnealures; from a folution of blue 
vitriol^ precipitated by fait of tartar^ and afterwards made red^ 
hot with fpirit of nitre^ 640 ; but from blue vitriol itfelf 909 
4 ounce 
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ounce meafures. In this cafe, however^ much of the inflam- 
mable air went to the formation of the vitriolic acid air, the 
fmell of which was very perceivable in the courfe of the ex- 
periment* The copper that I made in this way was brittle, and 
therefore feemed not to be perfe£lly metalized ; but being fuzed 
with borax it became perfe£t copper^ and, as I thinkj without 
any lofs of weight. 

Btfmiith abforbed inflammable air in the proportion of 185 
ounce meafures to the ounce. The calx I ufed was a precipi- 
tate from the folution of this metal in fpirit of nitre. 

Iron I got from a precipitate of a folution of green vitriol by 
fait of tartar^ moiftened with fpirit of nitre, and expofed to a 
red heat* This calx abforbed in the proportion of 890 ounce 
meafures of the inflammable air to an ounce of iron, which 
was in the form of a black powder; but to all appearance as 
much attrafted by the magnet as iron filings. But it could not 
be expected, that perfe£t iron, containing its full proporiion ot 
phlogiflon, fliould be produced in this manner, fince inflam- 
mable air may be expelled from perfe6l iron in this very 
procefs. 

Silver I evidently revived from a folution of it in fpirit of 
nitre precipitated by fait of tartar, and alfo from luna cornea, 
A quantity of this laft fubfl:ance abforbed 23 ounce meafures of 
inflammable air ; but I could not get any calx of iiiver free 
from fmall grains of the perfed metal, which was cafily difco- 
vered by a magnifier, and therefore I could not afcertain the 
quantity of inflammable air abforbed by it. 

Small grains of regulus cobalt \ produced from zaffre, and 
inflammable air was abforbed ; ,but I did not eftimate the 
quantity. 
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A c]^uantity of matiganefe dh(orhcd 7 gcidgc meafure^o^ ill-- 
fiammable air ; hut I ecmii net perceive ciim thin^p; ki k. whicb 
bad the appearance of metaL But 1 imagioed I had mat heat 
enough for the purpole, and mixing with.it iome calcined bo- 
i^ax, i repeated the experiment, when there wa^ ^g^in an evl^- 
dent abforbtion of air, and m the eonrfe of that experiment^; i 
once thong-ht that I did percei\^e a inaaU globule of metaL 

Z////: and cirjinle were only fnblimed in this proeefs.^ The- 
fame was the cafe with the gkifs of antimony -, hut the experi- 
ment was attended with this peculiar eirGumftanc^e^ that wliem 
the glafs was melted in inflammable aii: it formed' itfelf into^ 
needledike cryftak arranged in a. very curious manner^ thought. 
I could, not produce that appearance in; other kinds of air.. 

Inflammable air being GleadAr imbibed \m the calces of me- 
tals, and thereby reviving them, is a fiifficienfe proof of its. 
containing what has been called phlogifton ;, and its being ab*» 
forbed by them i>^ totOj. without decompoiitionr, is a. proof of its^ 
being nothing befides j?^/5/c^///c?^2 in the form of, air ^. unlefe there 
fhould be fbmething iblid depoffted from it at the lame time' 
that the proper phlogifiic part of it was abforbed... With re- 
i^eS: to this,, I can only fay that, in^theeourfe of the experif- 
ments, I did not perceive any thing of the kind:; for thought 
In fbme of the proceiles there was a black Imoke produced^ iii- 
others I could perceive nothing but part of tlie calx fublimingv 
and clouding the glafs. On this account, however,. I could 
not pretend to akertain the weight of the inflammable air in: 
the calx, %d as to prove that it had ac(|pired an. addition^of 
weigiit by being metailized,^ which I often attempted.,. But 
were it poffible ta procure a perfect calx, no^ part of whichi 
fliould be fublimedand diiperted, by the heat neceilarily to- be: 
made '^fe of in the procels^ I fhould not doubt but that, the 

quantity 
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quantity of inflammable air imbibed bj it would fufficlently 
add to its weight. 

Befides the fomiation of metals from their cakes, I had 
other proofs, and of a nature fufficiently curious, of inflam- 
mable air containing phloglfton, though perhaps pot fuffieiantly 
conclufi^e with fefpe(3: to its being wholly and fimply phlogiftou 
itfeif. Thus, by means of it^ I was able to make pbofphorus^ 
nitrous alr^ liver of fulphur^ %iiA fulphur itfelf, in all of which 
phlogifton is acknowledged to be a principal ingredient. 

Throwing the focus of the lens upon a quantity of that 
glafly matter which is made from calcined bones by oil of vitrioi 
in inflammable air, fome of it was abforbed, and all the iniide 
of the receiver was covered with an orange- coloured fubftancej 
which had a ilrong foiell of phoj(phorps* I then wanted iun-ihine 
to continue the experiment; but I was fatisfied that there was 
iufficient proof of phoiphorus being actually formed in this 
manner. With alkaline air I fucceeded much better. 

In 2 1 ounce meafures of this air il produced, frorp the glaflj 
matter mentioned above, 2 grains of phofpliorus in one maft^ 
the veflei being only filled with white fumes during the pro- 
cefs. Qne«fourth of the bulk of the tir remained, and thi$ 
was inflammable, burning with a yellow lambent flange, e^aftly 
like that which is produced in the procefs for making phpP 
phorus. 

That nitrotis air contains phlogifton is &lficiei)tly evident, 
if there be any fuch thing as phlogifton : and I have farther 
proved^ that it contains as m^ch phlogifton, in proportion to 
its bulk, as inflammable air itlelf I have riow, however, the 
iarther latisfadion to be able to make nitrous air from its 
two conftituent principles, viz. nitrous vapour and inflami^xia- 
ble air. The moft eafy procefs for this purpofe is, to throw a 

H h h a ftream 
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llream of nitrous vapour into a large phial previoufljxfillecl 
with inflammable ain In this manner nitrous air is inftantlj 
fbrniecl^ and in great quantities; but as this nitrous vapour is 
produced by the rapid folution of bifmuth in fpirit of nitre^= 
wliich at the fame time produces a quantity of nitrous air^ the 
experiment is not quite unexceptionable. I therefore attempted 
the fame thing in the following mannen 

Taking a quantity of what I have called a^ nitrated cak of 
leadj which I firft produced by uniting nitrous vapour to mi- ? 
Ilium (in confequence of which^ from being a red arid pow- 
dery fubftance, it became white, compaft, and' brittle);^ I placed 
it upon a fland, in a receiver filled with inflammable air^ and. 
throwing the focus of the lens upon it, there was a diminution 
of the inflammable air, which amounted to about two-thirds 
of the wholcj and during this time lead was revived from the 
calx. After this there was no more diminution of the air^ or 
revival of the calx: and- then examining what remained of 
theair^ I found it to be all ftrongly nitrous : and, from, the cir« 
cumftances in which it was produced^ it muft have been formed^ 
from the nitrous vapour contained in the calxj and the in- 
flammable air in the receiver. In order to afcertain the puritj 
of this nitrous air, I mixed it with an equal quantity of com« 
mon air, and found that they occu-pied the fpace of 1,32 mea- 
fures. "Frefti. nitrous air^ made in the ufual way, and mixed 
with common air in the fame proportion, occupied the fpace of 
1^26. This difference arofe not from any impurity in the ni- 
trous air, but from the mixture of the dephlogifticated air^, 
which is alfo expelled from this calx by heat* 

liver of fulphur was procured by throwing the focus of the 
lens upon vitriolated tartar in inflammable air^ and it appeared. 
to be perfedly vv^ell formed:. 
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IjaMj y to ^xoAsjQQ Julphur ^ I threw the focus of the lens on 
a quantity of oil of vitriol, contained in an hollow earthdii 
veflel, and evaporated it to drynefs in a receiver filled with in- 
flammable air, in confequence of which the in fide of the re- 
ceiver acquired a whitifli incruftation^ which when warmed 
had aftrong fmell of fulphur ; and repeating the procefs in the 
fame receiver, I was able, this fecond time, to fcrape off 
enough of the matter to put on a piece of hot iron, and to 
produce the genuine blue flame,, as well as the peculiar fmell of 
fulphur. 

I (hall conclude thefe obfervations on phlogifton with two 
articles ;. one of which feems to contradift an eftablilhed maxim 
among chemiils ; and the other a former opinion of my own. 

It is generally faidi that charcoal is indeftruaible^ except bj 
a red heat in contaft with air. But I find that it is perfe£lly 
deftruftible, or decompofed, in vacuOj and by the heat of a 
burning lens almoft wholly converted into, inflammable air ; fo 
that nothing remains befides an exceedingly fmall quantity of 
white aflies,, which are feldom vifible, except when, in very 
fmall particles, they happen to crofs the fun-beam, as they fly 
about within the receiver. It would be impoffible to colled or 
weigh them ; but, according to appearance, the alhes thus pro- 
duced from many pounds of wood could not be fuppofed to 
weigh a grain. The great weight of afhes produced by burn- 
ing wood in the open air arifes from what is attraded by them 
from the air. The air which I get in this manner is wholly 
inflammablej without the leaft particle of fixed air in it. But, in 
order to this, the charcoal mufl be perfedly well made, or with 
fuch a heat as would expel all the fixed air which the wood 
contains ; and it mufl: be continued till it yield inflammable air 
only, whichj in an earthen retort, is foon produced. 
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Woocij or charcoalj is even perfedly deflmdible^ that Is^ 
refolvable into inflammable air, in a good earthern retort^ and 
a fire that would about melt iron. In thefe circumftances^ 
tfter all the fixed air had come over^ I have feveral times conti- 
nued theprocefs during a whole day^ in all which time inflam- 
mable air has been produced equally, and wdthout any appearance 
of a termination. Nor did I wonder at thls^ after feeing it 
wholly vaniih into inflammable air in vacuo. A quantity of 
charcoal made from,oak« and weighina^ about an ounce.i gene* 
rally gave me about five ounce meafures of inflammable air in 
twelve minutes* 

The fecond article that 1 fhali now mention affords an in- 
difputable proof of the generation of fixed air from dephlo- 
gifticated air and phlogifton^ or inflammable ain I have feve- 
ral times given it as my opinion, that fixed air is a fa5iitiou$ 
ubjtance^ and a modihcation ot the nitrous and vitriolic acidSj 
my former experiments greatly favouring that conclufion ; but 
that it was compofed of dephlogifticated air and phlogillon^ 
though maintained by my friend Mn kiewan^ I was fiir from 
being fatisfied with, till I was forced to confent to his proof of 
it from my own former experiments^ and gave him leave to 
mention it, as he has done in his late excellent paper on faltSe 
But I have lately had two direct proofs of it by experiment* 

The firfl: was when, in repeating a beautiful experiment firft 
made by Dre ingeN'-hous2^5 but with fome variation, I was 
firing ibme fhavings of iron in dephlogifticated air confined by 
mercury, by means of a burning lens« In this way I quickly 
fired the iron, and it burned away in a very pleafing manner* 
But what ftruck me moft was, that, of the air that remained^ 
.1 confiderable portion was fixed air, though in the receiver I had 
Bothing but the pureft dephlogifticated air, together wdth the 
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iron, which could only give inflammable air. I would obferve, 
that the melted iron formed itfelf into large balls, which ap- 
peared to be a mtmjiag or glafs^ and was no longer iron. 

Afterwards, to put this hypothefis concerning the confli- 
tuent principles of feed air to a more dire61; proof^ I mixed 
iron filings, which gave only inflammabk air^ with red preci- 
pitate, which I found to give nothing but the purefl; dephio* 
gifticated; and when I heated them in a coated giafs retort^ 
they gave a great quantity of fixed air, in ibrne portions of 
which nineteen- twentieths were abfbrbed by lime-water ; but 
the re-fiduum< was inflammable,. However, when I mixed witli 
iron filings a quantity of |>owdered charcoal^- which I had 
found to give oaly inflammable air, tlie fixed air produced from 
it was fo' pure, that only one-fortieth part of it remained un- 
abforbed by water ; fo that this^ fixed air was as pure as that 
which is generally procured from chalk by oil of vitrioL 

It appeared^ in fome of thefe experiments, that three ounce 
meafures- of cfephlogiflicated air gO' into the conrrpofiticm of two* 
ounce meafures of fixed air. For one ounce of this red preci- 
pitate gave 60 ounce meafures 0I dephlogifl:ated air ; and when 
mixed with two ounces of iron lAings, it gave about 40 ounce 
meafbrea of ixed air that were actually abfbrbed by water, be- 
fides a reiduum that was inflammable. I had the lame pro- 
portioti when I ufed half an^ ouixce of each of the materials. 
But when 1 ufed one ouece of each, I got only 20 ounce mea- 
fiires of fixed air, including the refiduum. At otlier times I 
had different proportions with diierent qAiantities of iron fiUngs 

and charcoal. 

I cannot coucludeth^leobfervatioiiS' without taking notice^, 
how very valuable an inftrument in^philo&phy is a good bur»- 
ing lei^Sv This, mull have been |erceived'' in many of my 
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former experiments, but more efpecially in thefe. By no other 
means can heat be given to fubftances in vacm^ ,or in any other 
kind of air belides atmofpherical ; and without fome method of 
doing this, no fuch experiments as thefe can poffibly be made, 
I therefore congratulate all the lovers of fclence on the fucceff- 
ful attempt of Mr. parker to execute fo capital an inftrument 
as he has done of this kind. Such fpirited and generous exer- 
tions refle£l honour on himfelf and on our country^ It is only 
to be wifhed, that we could have lenfes of a fmaller iize (w%. 
from 1 2 to 1 8 inches diameter) made tolerably cheap^ fo that 
they might be in more common ufe. All my experiments 
were made with one of 1 2 inches in diameter. 



Experiments relating to ihefeeming Converjion of Water into jiir^ 



SINCE manyperfons haveexprefled a wifti to be acquainted 
with the experiments I have lately made^ which at firft feemed 
to favour the idea of a converjion of water into air^ but which 
terminated in the difcovery of a fadl, in my opinion^ ftill more 
extraordinary^ I Ihall fubmit to the Royal Society the refult of 
the obfervations I have already made ; though, as yet, I have 
by no means been able to fatisfy myfelf fo fully as I could wiih 
with refpeft to fome particulars conneded with the fubjeft. All 
the faBs which I Ihall ftate may be depended upon ; but it is 
probable, that different perfons may draw different conclufions 
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from them ; and to mere opinions I have never fhev^ii myfeif 
much attached. 

Having formerly obferved fevcral remarkable changes In fluid 
fubftances, in confequence of long expofure to heat in giafs 
veflels hermetically fealed (of which an account may be feen 
In the fourth volume of my Phllofophical Obfervations) ; I 
then formed a defign of expofing all kinds of folid fubftances 
to great heats, in a limllar ftate of confinement 1 and for that 
purpofe provided my felf with a caft-iron veflel^ which I could 
clofe at one end, Hke a digefter, and of fuch a length, that 
one of the ends might be red-hot, while the other was fuffi- 
ciently cool to be handled. To this end there was a cock 
connefted to a tube, by means of which I could let off fteam, 
or air, in any period of the procefs. 

I imagined, that when fubftances confifting of parts {o vola- 
tile as to fly off before they had attained any confiderable degree 
of heat, in the ufual preflure of the atmofphere, were com- 
pelled to bear great heats under a greater preffure, they might 
afl[iime new forms, and undergo remarkable changes, flmllar to 
what we may fuppofe to be the cafe within the bowels of the 
earth, where, by means of fubterraneous fires, various fub- 
ftances bear great heats under very great preffures* 

I have had this inftrument fome years ; but It was fo ill con- 
ilrufted, that I could not make the ufe of it that I had origi- 
nally intended, I therefore lately fitted up fome gun-barrels 
in the fame manner, and made my firft experiment %vitli lime- 
ftone; expeding, that when the fixed air, and other volatile 
matters, that might be contained in it, fliould be compelled to 
bear a red heat, without apofiibility of making their efcape, the 
fubftance itfelf might undergo fome change; but I had no 
particular expe£lation concerning the nature of that change* 
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I had 5 however, been fa often favoured with valuable refults- 
from merely, putting things into new iitoatioos, that I was 
encouraged to make the experiment ; but I found an iioexpefted 
difficultv in gettina; a cock that woiiidbe air-tiirht and fteam« 
tiffht uoder (b great a preffure aslwiihed to aoplv. 

I was mentioahic^ thefe ideas, to Mr. watt/^, in whofe neig:h« 
boiirhood 1 have the happinefs to be iitiiated, when he men- 
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tiouecl a iimiiar iciea or nis. viz. triat or trie, pom biiity or the 
cooverfion of. water, or fteam, into permanent air ; faying^ 
that fome aopearances in the working of his. fire-engine had 

i: i O O 

led him to expeft this. He thought that if ilearn could be 
made red-hot^ fo that all ' its latent heat ilionld- be converted 
into fenfible heat^ either, this or fome other change v/ould 
probably take place in its conftitution. The idea w^as new to 
me, and led me to attend more particularly to roy former pro- 
lects of a fimilar nature^ and I began with lime-ftone^ wifli- 
in^^ to try the effed: of giving a red heat' to lioie in which vv'ater 
onlyihould be previoufly combined^ thinking it might poffibly 
have the fame effect with making the water itfelf red^hot^ 

Accordingly, I took a quantity of well calcined iimej and mix« 
ing with it a little water, out of which all air had been carefully 
boiled, I expofed it gradually to a flrong heat in an earthen 
retort, fuch as I had been nfuaily-fupplied-with by Mr. wedg« 
WOOD (who is as much diftinguiflied by his dove and generous 
encouragement of fcience, as he is by his improvements in his 
own curious art), not imagining that it could make any dif- 
ference whether the lime, fo prepared, fliould receive its heat 
in an earthen retort, or in a veffel of iron or glafs« Proceed™ 
ing, however, in this manner, I fo:und that nothing came over 
in the form o£ Jieam^ but that there was a-great quantity of ^ir^ 
feveral hundred times more than the bulk of the water^ and at 
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that time there was m it a coniiderabie propoitioii of -fixed air^ 
which I imagined -might either be . that which had not been 
fufficientlj :expelied before,- or- might be^ compofed of fome 
phlogiftic matter contained in the, lime, and the purer air that 
was yielded by the water : for I own I then conckided^ that the 
air which I got (and which, when the fixed air was extracted 
from it, %¥as fnch as a candle woijld jnft b€tn in) came from 
the water, efpecially as ill fome of the proceffes, the weight of 
the air I caught was very nearly^ if not quite equal to that of 
the water, and interpofing a large glafs balloon between the 
retort and the recipient fblr the air, I obfer^ed that it remained 
perfedly cool and dry during the whole procefs ; and feveral 
hours afterwards there was not the leaft moifture condenfed m 
it* I alfo received a quantity of another produce of air made 
in this manner in mercury, and having viewed it with the 
greateft attention, obferved that^ after feveral days, it nevef 
depofited the leaft moifture. 

I then calcined a quantity of natural liiiie-ftone with this 
glafs balloon, interpofed in the fame manner, and found no 
water, but only air to come from it, tliough the ftone is gene- 
rally fuppofed to contain water. But when I ufed much mora 
than half an ounce ,of water to the quantity of whiting or 
lime above-mentioned, I always had fome water come over^ 
though very little In proportion to the quantity made ufe o£ 

I did not fail to examine whelher there had been any lofs In 
the weight of the lime^ or %vhiting, in order to determina 
whether any part of thefe folid fubftances had entered into the 
Compofition of the air ; but I fbiind much difficulty in weighing 
them with exa£tnefs, after Ihafciog them out of an earthen re- 
tort, into which I could not fee, and to which part of thele 
earthy matters often adhered, fo that I could not obtain much 
fatisfadion even when I broke the retort. Befides, there wa^ 
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always fome lois of the earth in the cloudbiefs of the air^ 
whenever the proda6l:iou of it was rapid. In a future procefs I 
had abundant proof that the air did not come from any earthy 
matter with which the water had been combined. 

Hitherto I had no idea but that all that was neceilarv to the 
converfion, as I concluded it to be, of water into air^ was to 
give it a red heat^ without which it would not quit the calca- 
reous earth ; and I imagined by this means the matter or prin- 
ciple of heat was fo intimately combined with it^ as not to be fe« 
parated from it by cooling, as in the cafe of fteam. But I, as 
well as all my friends, was a long time utterly difconcerted 
upon finding that when I put the whiting and water into a 
coated glafs retort, the water came over in the form of fleam ^ 
and little or no air was produced. The refult was alfo the fame 
when I made the procefs in a gun- barrel, in a porcelain retort^ 
or even in an earthen retort glazed in the infide. 

That the earth had not loft its property of doing its part in 
the bufmefs, I found by putting more water to the fame whiting 
which had failed in the glafs retort, and which had been ufed 
no lefs than four times before, and then heating it in an 
earthen retort ; when again it gave air only, and no water, the 
ikme as before. And at this time I obferved^ that part of the 
air was hardly to be diftinguiftied from that of the atmofphere. 

1 cannot exprefs my furprife at my unexpeded fliilure with 
the glafs retort ; and my fpeculations on the fubje£l were va- 
riousj but at that time altogether inefFeduaL Among other 
things it occurred to me that, poffibly, fome phlogifton, either 
contained in the earthen retort, or coming through it (though 
1 could not tell how, or on what principle) from the fire, might 
be nccefiary to water, and all other fubftances, afTuming the 
form of m. But wheOg with this idea^ I put fpirit of wine^ 
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oil, or iron-fdiiigs to tlie lime, I got nothing from thefe mix- 
tures in glafs retorts befides fteam and inflammable air, froui 
the decompofition of thefe fubftances containing phlogifron. 

That there was nothing in the materials of which the 
earthern retort was made that neceflarily produced the air^ was 
evident from my not fucceeding when I pounded a broken 
retort, and heated itj mixed with water, in one of glafa. 

Being fitisfied that the produftion of air depended very much . 
•upon the retort itfelf, I thought of nfing the retort only with 
water, but without any lime, or earthy fubftance ; and I found 
it llicceed far beyond my expeftation. For when I put a fmall 
quantity of water into one of thefe retorts, and endeavoured to 
diftil it gently, I never failed to procure about an hundred ounce 
meafures of air ; and this I could do as often as I pleafed, with 
the fame retort, and without its lofuig any weight; and the air 
produced in this manner had never any portion of fixed air in 
it, and was always but very little inferior to that of the 
atmofphere* 

In all thefe procefTes I obferved, that very little of this air 
was procured till all the water that could be poured out of the 
retort was evaporated, for the difference in the produce was 
very little, whether I expofed the retort to the fire quite full of 
water, or with only about an ounce meafure of water in it, or 
even after letting it remain full for a Ihort time, and then pour- 
ing out all that I could from it ; fo that it was only that water 
which was entangled, as it were, in the pores of the retort^ 
and which had been in fome meafure united to the fubflance of 
it, that had contributed to this produ6lion of air. 

Thefe retorts (which Mr. wedgewood informs me are made 
of a mixture of frefh and of burnt Devonfliire pipe clay) are 
pervious to water^ though not to air; fo that while the air is 
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produced from ttiat water which has entered thepores^ the reft 
is fometimes viiibly making its efcape in the form of a copious 
fmoke on the oiitfide. It was evidently impoffible^ however^ 
and contrary to all the laws of hydroftatics^ that air Ihould 
enter by the fame pores by which the water or fteam was efcap- 
iiig^ and at the fame time that its endeavour to force its. way 
out of the retort was fuch that it overcame a confiderable re- 
fiftance from the column of water^ at the mouth of my reci- 
pients« Air might have efiaped through any uilobferved pores 
in the retort^ but none could have entered that way : and if 
the-re was the leafl: feniible crack in any part of the retort-^ I 
was never able to collect any air at alL 

But the following experiments may^ perhaps, fhew that it 
is fufficient for the produftion of air that fteam come into con- 
tact with clayfufficiently heated. Between a copper ftill and 
the glafs tube communicating with my recipient for air^ I in- 
troduced the ftem of a tobacco-pipe % and by means of a fmall 
furnace^ I kept about three inches of the middle part of it 
moderately red-hot. In this ftate, making the water boil^ j 
uniformly received air, though mixed with fteam^ at the rate 
of five ounce meafures in twelve minutes for more than an 
hour; but when I let the pipe cool^ nothing but fteam tvas de- 
livered by it without any air at alL There was no fixed air in 
this producei, and it was all fuch as a candle would hardly have 
burned it. It might, I thought, have been better and alfo 
more in quantity if I had not ufed the ftem of a foul pipe« But 
when I ufed a clean pipe in the fame manner, I did not find 
the air much, if at all improved. Sufpe£ting this to aiife from 
the near contaft of the fuel, I inclofed the tobaceo-pipe in an 
earthen tube^ and then I had air as good as I had generally 
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got in theeartheajretortj and not much worie than that of the 
atmofphere. 

Another circumftance I obferved was, that if the outfide of 
the veflel which contained the water or fteam, through which 
it pa€ed, when the requifite heat was applied to it, was not 
dry, or perhaps furr0unded with good air (for in thofe circuni- 
fiances the foliomdng experiment differs from the preceding 
ones) the experiment did not fucceed. 

When I put the ball of an earthern retort, filled with moift 
clay, into an iron digefler, and applied heat to it, I get only a 
very little fixed air, which was probably compofed of a finall 
quantity of air beginning to be produced from the materials 
and inflammable air from the veffeL All that come over be- 
fides was ileam, and at laft inflammable air, from the veflel 

Being now able to procnre air by means of water in this 
moft Ample method 5 viz. by water only in the earthen retort, 
I had an opportunity of afcertaining, with great eafe andexadl- 
ilef^, ieveral circumftances relating to the procefs, and of ob- 
viating, as 1 thought, fbme objeaions to the concluiion that I 
had drawn from it. Among other things I fully fatisfied my* 
felf that the earth of the r^^crf contributed nothing at all to 
this production of air, but the water only : for having uied the 
fame retort till I had got from it nearly an ounce weight of air, 
or 800 ounce meafures, I found that it had not lofl fo much as 
a fingle grain in weights After the firjR: procefs it weighed jufi 
three grains more than it did at firft, and it continued to weigh 
the fame till after the laft prdcefs. This fhiall addition of 
weight might eaiily have come from a little of the water hav- 
ing been imbibed by the neck of the retort, where the heat of 
the fire could not reach it. When all the procefles were over, 
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I kept the whole retort in a red heat for feveral hours, and then 
found thatj befides lofing thofe three grains^ It weighed eight 
grains lefs than it did at firft* 

Before this I had founds that the calcined whiting which 1 
had ufed in the firft experiment could not, as fome fuppofed^ 
attra£l from tlie atmofphere any confiderable part of the air 
which I got from it, after combining water with it : for two 
ounces of the whiting (which was the quantity which I gene- 
rally made ufe of) did not attra£l more than eight grains of 
any thing when it was expofed a whole day in an open difh^ 
though it had loft more than half its weight in calcination « 

It has been imagined by forae, that the air which I got in 
thefe earthen retorts was that which had been attradled from 
the atmofphere by the infide furface of thera^ But, befides 
that no air could ever be produced without water^ to obviate 
this objeftion more particularly, when one of thefe retorts 
was giving its laft portion of air, I immerfed the mouth of it 
in a bafon of water ; and letting it cool in that fituation, filled 
it again without admitting any accefs of air to the infide ; and 
yet, on repeating the procefs with it, the air was produced juft 
as freely as before. This operation I repeated feveral times* 
If it be faid, that the outfide of the retort attra£led the air, ftill 
the infide, being compofed of the fame materials, muft have 
attracted air alfo ; and it would have appeared by the afcent of 
the water from the bafon, the retort being fufficiently imper* 
vious to air. 

By fome it was imagined, that either the air itfelf that I 
procured, or at leaft the power of the retort to contribute to 
the produftion of it, was owing to fomething that was tranf- 
mitted from the burning coals, but which could not pafs 
through glafs or metals. To determine this, I took an earthen 
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hibc^ of the lame compofition wkh the retort, and putting a 
ilittie water in it, placed it, {urrounded with land, In a glafs 
¥eflel, and this again, fnrrounded alfo with land, in an iron 
mic; and yet the heat tranfmitted through all thefe fubftanees 
enabled the earthen tube to give air, In the fame proportion^ 
and of the fame quality, as it would have done if it had been 
expofed to tke naked fire. 

Having now procured air, by means of a water, in a very 
fimpLe and^ as I thought, an unexceptionable manner, lwiflie4 
to make it in greater quantities in proportion to the water em- 
ployed; and for this purpofe I Erft thought of increafing the 
il^e or the thicknefe of the porous retorts; but I thought it raiglit 
anfwer as well if I put into the retort. In powder, the materials 
of which they were made, or other fubftances of the fame kind* 

Accordingly^ by mixing ground flint and clay in various 
proportions, I prefently increafed the quantity of air much be- 
yond my expeftation. In the firft trials, in which I had much 
iint and a little clay, I never failed to get 200 ounce meafurea 
of air from one of water* Then, ufmg more clay and lefs 
flint, I had ftill more air ; and at lafl:, leaving out the flint 
altogether, and uiing clay only, I never failed to get much 
more than 400^ and generally between 5Q0 and 600, ounce 
meafures of cair from one of water, which wa$ about three- 
fourths of the weight of the water ; and in one particular pro- 
cefs I procured very little lefs than nine-tenths of the weight 
of the water in air, and this air was never much lefs pure than 
that Qftheatmofphere, Sometimes it could not be diftinguifhed 
at all from it at all by the teft of nitrous air ; and once or twice 
I thought it even purer than that of the atmofphere. 

I muft here obferve, that I found it not convenient to put f# 
much water to any quantity of clay as would make it cohere 
in one mafs, but only fo much as that it ihould remain in the 
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form of powder. By this means it would eafilj pour out of 
the retort when theexperunent w^as oven 

The weight of the water expended in this production of air 
I afcertained, in the moft unexceptionable manner, by weigh- 
ing the retort, with all its con tents j before and after the pro- 
cefs. I fhall explain this by the refult of two of the procefies^ 
III one of them, the retort and moiftened clay together lofl: in 
weight I oz. 4 dwts. I2grs, after yielding 741 ounce meafiires 
of air, which (in the proportion of fix grains to one ounce 
meafure) would have weighed 18 dwts, 12 grs, and confe- 
quently three-fourths of the w^eight of the water. 

In the other procefs the lofs of weight was i5dwts. iBgrs* 
after vieldute cc6 ounce meafures of air. which would have 
weighed ijdwts. 21 grsV The proportion 5 therefore, between 
the weight of the air and that of the water was 11 1 to 116^ 
or nearly nine to ten* 

I alfo found now, that fo much heat as I had hitherto ap- 
plied was neither neceflary nor ufefuL In the laft mentioned 
procefs the retort was conftantly fufpended about fix inches 
above a moderate charcoal fire ; at another time more than 
twelve or fifteen inches above it, where a Fahrenheit's 
thermometer did not Ihew more than 2 1 o^ With this 
moderate heat I got 465 ounce meafures in the courfe of 
about twelve hours. When the retort was fufpended within 
fix inches of the firCj the air was generally produced at the 
rate of 30 ounce meafures in five minutes* But a thermome- 
ter, the bulb of which %vas immerfed in the clay, w^as fti 
only at the heat of boiling water« 

In ail thefe proceiTes, however^ there w^as evidently fom^ 






lofs of water ; for, excepting the firfl: experiment with the 
lime, I never got the whole weight of the water in air; and 
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it migtit be {aid that I only expelkd the air before contained in 
the water^ though from thefe experiments it appeared to con- 
tain much more air than it had been thougiit capable of con^- 
taining. To obviate this objefiion, I contrived to catch all the 
water that efcaped through the pores of the retort in the fol- 
lowing manner. 

Having put the moillenedclay in an earthen tubej to which 
I had fitted a cock and a long glafs tube (by means of which I 
could colle6t all the air that came from it), 1 put this within 
ail iron tube, which was clofed at the end next the fire, but 
open at the other end^ and fo long that 1 could eafiiy keep this 
open and quite cool whale the other was in the fire; con fe- 
^uently, whatever water efoaped through the pores of the 
earthen tube, it would be condenfed rn the cool part of the iron 
one. This water I carefully collected, and always found that 
the weight of it, together with that of the air produced in the 
experiment, was nearly that of the original weight of the 
water, effimated by the lofs of weight in the earthen tube and 
its contents^ I alfo found, that the water fo collefled ferved 
for the production of more air, juft as well as any other water 
whatever, fo that there had been no decompofition of the water 
in the cafe. 

In the laft procefs that I went through of this kind, the 
lofs of weight in the earthen tube, or rather of the water con« 
tained in it, was 12 dwts. 4 grs, 1 the air coliefted was 173 
ounce meafures, which would have weighed 4 dwts, 3 grs, and 
the water which efcaped through the pores of the earthen tube, 
and which I collected, was nearly 8 dwts. 3 grs. ; fo that the 
air amd this w^ter together weighed 12 dv^ts, 14 grs, or ten 
grains more than the original water. But as I eftimated the 
weight of the water only by the fpace which it occupied in a 
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cylindrical glafs tube^ divided according to ounces and parts of 
ounces of water, it was not eafy to avoid an error of a few 
graiiiSa At other times there was an error of a frnall magni- 
tilde on the other fide« But it will appear hereafter, that more 
fteam muft have efcaped invifibly at the open mouth of the 
iron tube than I was aware of« 

That nothing could enter by the pores of the retort at the 
fluTie time that the water was making its efcape out of them^ I 
thought I afcertained pretty fatisfadlorily by immerfing the 
bulb of it in mercury^ contained in an iron veffeL In thefe 
circumfrances I obtained air as ufualj only the produce was not 
ib rapid. In this way^ however^ I procured above an hundred 
ounce raeafures of air from moiftened clay ; and I difcontinued 
the procefs without perceiving any termination of it. But the 
moment the retort was raifed out of the mercury^ it gave air 
three times as fafl: as it had done before. The quality of the 
air was the fame in both cafes^ vi%. a little worfe than that of 
the atmofphere« 

I even collefted thirty ounce meafures of air when the bulb 
of the fame retort was immerfed in hot linfeed oil, but the pro- 
dudion of air gradually ceafed^ and the next day I found the 
retort almoft full of the oil, which had foaked through it. 
Diftilling this oil I get 300 ounce meafures of air^ wholly in- 
flammable, except a very few ounce meafures at the lafl"^ which 
were only phlogifticated. 

Still hearing of many objections to the converlion of water 
into air^ I now gave particular attention to an experiment of 
Mr. CAVEKDisH^Sj Concerning the re-converfion of air into 
water^ by decompoiing it in conjunftion with inflammable 
air. And in the firft place^ in order to be fure that the. wa- 
ter I might find ixi the air was really a conflituent part of 

it 
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ki and not what it might have imbibed after its formation, 1 
made a quantity of both, dephlogifticated and inflammable air 
ill fuch a manner as that neither of them fliould ever come into 
contad: with water, receiving them as* they were prodnced iii 
mercury;, tlie former from nitre, and in the middle of the 
procefs (long after the water of cryftallization was come over)^ 
and the latter from perfectly- made charcoal. The two kinds, 
of air thus produced I decompofed by firing them together by 
tlje eledric explofion, and ibund a manifeft depofirion of water, 
and to appearance in the fame (juantity as if both, the kinds of 
air had been previoufly confined by w^ater.. 

la order to judge more accurately oi the quantity of water 
h depofited, and to compare it with the weight of the air de- 
compofed,. I carefully w^eighed a piece of filtering paper, and^ 
then having wiped, with it all the infi.de of the glafs veiicl in; 
which, the air had been decompofed,. w^eighed it again, and F 
always found, as nearly as I could judge, the weight of the 
decompofed air in the moiilure acquired by the paper.. 

As there is 3. fource of deception in this experiment,, in the 
fmall globules. of mercury ,^ whicJiare apt to adhere to the infide 
of the glafs vefiel, and to be taken up by the paper with which, 
it is wjped^ I fqmetimes weighed the paper with the moiflurc- 
and the mercury adhering to it ; and then expofing it in a warm: 
place, where the water would evaporate, but not the mercury, 
weighed it again, and ftill found,, as nearly as P could pretend 
tc^ weigh: fo fmall a matter,, a lofs of weight equal to tiiat of 
the air. I wifhed, however, to have had a nicer balance for. 
the purpofe : tlie refult was fuch as to afford aftrong prefump- 
tion that the air was re-convcrted into water^ and tlierefore; 
that the origin of it had been water.. 

Another* 
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Another prefuaiption in favotir of the geiieratioii of our 
atmofphere from water was, that the purity of the air that I 
produced from it is io very nearly the fame with that of tlic 
atmoiphere. And the degree 'of heat requifite to produce it is 
lie greater than may be given by the rays of the fun in certain 
circumftanceSo Subterraneous fires, however^ would be abun- 
dantly fufficient for the purpofe^ as it appears to be fufficieat 
for the converiion of water into refpirable air^ that it come 
•into contad: with clay^ and perhaps many other earthy fub- 
Ifances in the form of vapour. I mull:, however^ obferve, 
that wiien I threw the focus of a burning lens upon a quantity 
of moift clay^ either in vactw^ or in common air^ I got no air 
from it« 

I made this experiment both with the clay expofed in an 
op^n difh, and alfo confined in a fhort earthen tube. Had I 
then proceeded to repeat this laft procefs with a communica^ 
tion between the infide of the earthen tube and the external 
air^ as 1 then propofedto do, but was prevented ^ Ifliouldmuch 
fooner have difcovered what I did afterwards^ viz^ that there 
was no real converfion of water into air in this procefs. In 
favour of which 5 however^ it may not be amifs to obferve^ 
that the great difficulty Mr, de lug and others have found in 
expelling all air from water^ is beft accounted for on the fup« 
pofition of the generation of air from water, though in other 
*circumftances than thofe that I have obferved. I have the 
pleafure to add, that Mr. de luc himfelf concurs with me in 
this opinion. 

The difficulty that ftrikes many perfons the moft forcibIy5 is 

%he want of analogy between the converfion. of water into air 

with kny other known fa£ls in philofophy or in nature^ But 

admitting that this converfion is efFe£led by the intimate union 
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m what is called the principle of heat with the watcfj it ap- 
pears to me to be fufficiently analogous to other changes, or 
rather combinations of fubftances. Is not the acid of nitre^ 
and alfo that of vitriolj a thing as unlike to air as water is^ 
their properties being as remarkably different ? And yet it is 
demonftrable^ that the acid of nitre is convertible into the 
pureft refpirable airj, and probably by the union of the fame 
principle of heat. 

It is true^ that fleam is a thing very different from air, and. 
I lind that it is not able to decompofe nitrous air ; but then^ 
though it has acquired fenfible heat, it has got no latent heat fo 
intimately combined with it as it is with air ; and for the fame 
reafon, perhaps^ the vapour of nitrous acid is not dephlogifli- 
cated ah% 

By the fame procefs by which refpirable air is made by 
means of water, inflammable air may be made, from liquid 
fubftances containing phlogifton. Making fplrit of wine to boil 
in a glals retort, I made the vapour pafs through the ftem of a hot 
tobacco-pipe5 and found that it was all feemlngly converted 
into inflammable air, and it was of that kind which burns with 
a lambent white flame. But when I let the pipe cool no air 
was produced, but only vapour^ which was inftantly con- 
den fed in the water. 

Being now mafter of a new and eafy procefs, I was willing 
to extend it to othe^ liquid fubftances ; and I prefentiy founds 
as I then imagined, that^ by this means, I could give a per- 
manent aerial form to any liquid fubftance that had been pre- 
vioufiy thrown into the form of vapour. 

When I made the vapour of fplrit of nitre, heated in a 
glafs retort, pafs through the ftem of the hot tobacco-pipe, I 
got as pure dephlogifticated air as ever I have procured from 
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nitre ; thoiigii the cork, by which, the retort was coiineftecl- 
%V!th the pipe, was diilbkecl, and muft have contributed to 
contaminate it,- and give it a flight mixture of fixed air. 

With 'Oil of vitriol I got air confiderably phlogifticated^ fo 
that a candle would not have burned in it ; but this 1 alio attri-. 
hote to the cork, which was diflmved in the procefs. The re- 
fult m^as nearly the iiinie when I ufed water impregnated with 
vitriolic acid air^ though the cork was not diflbived. But this 
acid is known to contain much phlogifton* 
« Spirit of fait gave air no purer -than the beft atmofphericai 
air.^ But as by this procefs I never got air fo pure as this from 
water only, I concluded^ that even, this acid, as well as. the 
nitrous an^d vitriolic, is capable of being turned into dephlo** 
giflicated air. 

When I ufed water impregnated with fixed air, this air was 
expelled by the heat, and came over without any change that I 
could perceive, except that the refiduum was larger, from the 
water that came along with it. The air I got afterwards was 
only that from the water, and of the. fame quality as if it had 
not been impregnated with fixed air. 

. .Water impregnated with alkaline air gave neither fixed nor 
inflammable air, which I had rather expected, but only air 
confiderably phlogifticated j though fome of it was fo pure 
that a candle would have burned in it 

N, B. In all thefe experiments with the tobacco-pipe all the 
air was remarkably turbid, like milk, and even the common air 
in the retort before the procefs properly began« 

In this ftate of the experiments I think I may venture to 
fay,^ that no perfon could have feen them- without concluding 
that there' was a real converfion of water into air, there being 
no known principle or faft in philofophy, that could have led 
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any perfoii to fufped a fallacy in the cafe* In thlsj therefore^ 
1 miift have acquiefced, as indeed did all my acqtiaintance^ 
even thofe who had been the moft incredulous on the fubjeft^ 
mfter they had themfelves feen the experiments. But I was led 
to the farther profecutlon of this bufinefsj in confequence of 
having obferved that the purity of the air which I procured de-^ 
pended upon the ftate of that which was immediately conti-* 
guous to the earthen retort^ or tube^ in which I fuppofed the 
converfion to have been made ; and that fome communication 
with the atmofphere was neceflary to the produftion of any 
mirj as in the experiment with the digefter^ and thofe with the 
clay and the burning lens. And fince pure external air was 
neceflary in order to procure good air^ it was concluded by 
feveral of my friends^ and efpecially Mr. watt, that the ope- 
ration of the earthen retort was^ to tranfmit phlogifton from 
the water contained in the clay to the external air ; and that the 
water, thus dephloglfticated^ was capable of being converted 
into refpirable air by the intimate union of the principle of 
heat. 

In order to afcertain what the influence of the external air in 
this cafe really was, I inclofed an earthen retort filled with 
moiftened clay in a large glafs receive reopen at both ends^ through 
the upper orifice of which (being narrow) I thruft the neck of 
the retort^ luting it fo as to be perfedly air-tight; and. placing 
the receiver in a bafon of water, by which the air within was 
cut off from all communication ^ with' the external ai-r, I fitted 
to the mouth of the retort a glafs tube^ through which I could 
receive whatever was produced in the procefs. In _tbis fituatioa ' 
I heated the, retort ty means of Mr. -parkeji's excellent buro'^ 
Ing lensj when air 'was 'received 'through the tube commuiii- 
eating with 'the rnfide-'of the retort as uiual ; but at the fame 
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time the water role within the receiver. This effedl might ba 
owing to a phlogifticatioo of the air within the receiver; biiit 
it was Toon dimiiHihed far beyond the iitDaoft Hmit of that pro- 
cefs, fo that verj little of it remained ; and examioing this air^ 
I found it to be but very little worle than that of the atmo.- 
fphere, as that wliich came from the retort was a little better* 

This experiment made itprobable, that the air on the outfida 
of the receiver had actually palled thraugh it^ only a little pu- 
rified in its paflage ;, and yet it was contrary to all the known 
principles o'f hydroftatics, and even any thing hitherto known 
in chemiftry, that air fliould be tranfmitted through a veflel of 
this kind, and in a direftion contrary to that in which it would 
have been forced by the preffure of the atmofpfiere ;. while the 
water^ with which the claj was moiftened^, went the other 
way* For had the retort been pervious to airj as. the infide 
had a free communication with the atm.ofphere5 the water 
could not have rifen within, the receiver^ This, however, ap=* 
peared to be the cafe by the following deciilve experiments. 

Having filled the earthen retort with the moiftened clay as 
before, I made the infide of the receiver perfeftly dry^ and. 
placed it in a bafon of mercury ;, when, upon heating the 
retort' as before, the receiver was all covered with dew^. which 
coile£ling into drops trickled down the infide of the receivers^, 
and remained upon the mercuryj which rofe within the re- 
ceiver^ while air was received from the retort as ufuaL I had 
no doubtj therefore^ but that ail the water within the retort 
would have got through into the receiver^ Spirit of wine^ or 
fomething that had the fmell of itj was tranfmitted from the* 
clay through the retort in the fame manner. 

I then filled the receiver with inflammable air,, and npoii 
heatinff the retort it was all drawn through it., and, delivered 
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as ftrongiy inflammable as ever by the tube communicating 
with the iniicle of it, while the water rofe within the receiver, 
and even covered the retort, which was fixed at the very top 
of it, fo that hardly any of the inflammable air remained 
%vithin it. In hke manner nitrous air paffed through the retort 
unchanged. 

From thefe experiments it is Impoffible not to infer, that the 
clay of the earthen retort, being tbus heated, deftroys for a 
time the aerial form of whatever air is expofed to the outfide 
of it ; which aerial form it recovers after it has been tranfmit« 
ted in combination from one part of the clay to another, till it 
has reached the infide of the retort, while the water is drawn 
through it in the contrary direction. 

Had thishypotheiis been propofed a priori^ it would, I doubt 
not, have been thought nAore extraordinary than the converfion of 
water into ain I propoie to make many other experiments in 
the profecution of thefe; hut till I have an opportunity of 
doing this, I (hall not trouble the Society with any eonjedlures 
that have occurred t© me on the fubject^ 

The great difficulty with refpeil to the experiment with the 
lens is, that the water fhould pafs through the retort one way^ 
and the air the other, a.nd yet that the air iliould not be able 
to pafs without the water. It is alio not a little extraordinary 3^. 
that the weight of the air and that of the water fliould be fo 
nearly equaL 

In the laft place I muft obfcrve, that there is nothing in this 
experiment that contradicts the idea of the converiion of water 
into air, though it does not prove it : for fllU the experiment 
with the tobacco-pipe, in which the fleam is made red-hot 
(whereas in that with the lens it is only of a boiling heat) 
cannot be explained fo well on any other hypothefis any more 
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than Mr. cavendish's experiment on finding water on the 
clecompoiition of air. 

I cannot conclude this account without acknowledging my 
obligation to Mr. barker, for the ufe of his incomparable lens^ 
and his obligingly affifting me in the management of it* Indeed^ 
without this very inftrument^ or one of greater power than my 
own 5 I do not know that the laft mentioned experiments could 
have been made at all ; certainly not to fo much fatisfadion. 









